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2EMHFWLYH 7R LQYHVWLJDWH GLHWDU\ ILEUH LQWDNH DQG DQ\ SRWHQWLDO
GRVHUHVSRQVH DVVRFLDWLRQ ZLWK FRURQDU\ KHDUW GLVHDVH DQG
FDUGLRYDVFXODU GLVHDVH
'HVLJQ 6\VWHPDWLF UHYLHZ RI DYDLODEOH OLWHUDWXUH DQG GRVHUHVSRQVH
PHWDDQDO\VLV RI FRKRUW VWXGLHV XVLQJ UDQGRP HIIHFWV PRGHOV
'DWD VRXUFHV 7KH &RFKUDQH /LEUDU\ 0HGOLQH 0HGOLQH LQSURFHVV
(PEDVH &$% $EVWUDFWV ,6, :HE RI 6FLHQFH %,26,6 DQG KDQG
VHDUFKLQJ
(OLJLELOLW\ FULWHULD IRU VWXGLHV 3URVSHFWLYH VWXGLHV UHSRUWLQJ DVVRFLDWLRQV
EHWZHHQ ILEUH LQWDNH DQG FRURQDU\ KHDUW GLVHDVH RU FDUGLRYDVFXODU
GLVHDVH ZLWK D PLQLPXP IROORZXS RI WKUHH \HDUV DQG SXEOLVKHG LQ
(QJOLVK EHWZHHQ  -DQXDU\  DQG  $XJXVW 
5HVXOWV  FRKRUW VWXG\ SXEOLFDWLRQV PHW LQFOXVLRQ FULWHULD DQG UHSRUWHG
WRWDO GLHWDU\ ILEUH LQWDNH ILEUH VXEW\SHV RU ILEUH IURP IRRG VRXUFHV DQG
SULPDU\ HYHQWV RI FDUGLRYDVFXODU GLVHDVH RU FRURQDU\ KHDUW GLVHDVH
7RWDO GLHWDU\ ILEUH LQWDNH ZDV LQYHUVHO\ DVVRFLDWHG ZLWK ULVN RI
FDUGLRYDVFXODU GLVHDVH ULVN UDWLR  SHU  JGD\  FRQILGHQFH
LQWHUYDOV  WR  DQG FRURQDU\ KHDUW GLVHDVH   WR 
7KHUH ZDV HYLGHQFH RI VRPH KHWHURJHQHLW\ EHWZHHQ SRROHG VWXGLHV IRU
FDUGLRYDVFXODU GLVHDVH ,   WR  DQG FRURQDU\ KHDUW GLVHDVH
,   WR  ,QVROXEOH ILEUH DQG ILEUH IURP FHUHDO DQG YHJHWDEOH
VRXUFHV ZHUH LQYHUVHO\ DVVRFLDWHG ZLWK ULVN RI FRURQDU\ KHDUW GLVHDVH
DQG FDUGLRYDVFXODU GLVHDVH )UXLW ILEUH LQWDNH ZDV LQYHUVHO\ DVVRFLDWHG
ZLWK ULVN RI FDUGLRYDVFXODU GLVHDVH
&RQFOXVLRQV *UHDWHU GLHWDU\ ILEUH LQWDNH LV DVVRFLDWHG ZLWK D ORZHU ULVN
RI ERWK FDUGLRYDVFXODU GLVHDVH DQG FRURQDU\ KHDUW GLVHDVH )LQGLQJV
DUH DOLJQHG ZLWK JHQHUDO UHFRPPHQGDWLRQV WR LQFUHDVH ILEUH LQWDNH 7KH
GLIIHULQJ VWUHQJWKV RI DVVRFLDWLRQ E\ ILEUH W\SH RU VRXUFH KLJKOLJKW WKH
QHHG IRU D EHWWHU XQGHUVWDQGLQJ RI WKH PRGH RI DFWLRQ RI ILEUH
FRPSRQHQWV
,QWURGXFWLRQ
,Q UHFHQW \HDUV D GHFOLQH LQ WKH LQFLGHQFH RI FDUGLRYDVFXODU
GLVHDVH &9' DQG FRURQDU\ KHDUW GLVHDVH &+' KDV EHHQ VHHQ
ERWK DPRQJ VRPH (XURSHDQ FRXQWULHV DQG DOVR LQ WKH 8QLWHG
6WDWHV $OWKRXJK UDWHV RI &9' KDYH ORQJ VLQFH SHDNHG IRU
PDQ\ GHYHORSHG FRXQWULHV DQG PRUWDOLW\ IURP WKH GLVHDVH LV
GHFOLQLQJ LW VWLOO DFFRXQWV IRU DOPRVW KDOI  RI DOO GHDWKV
LQ (XURSH DQG D WKLUG  RI DOO GHDWKV LQ WKH 86 
,Q WKH V WKH SURWHFWLYH OLQN ZDV SURSRVHG EHWZHHQ GLHWDU\
ILEUH LQ WKH IRUP RI ZKROH JUDLQ IRRGV DQG LVFKDHPLF KHDUW
GLVHDVH 0DQ\ REVHUYDWLRQDO DQG H[SHULPHQWDO VWXGLHV KDYH
VLQFH H[DPLQHG WKH UHODWLRQ EHWZHHQ GLHWDU\ ILEUH RU ILEUH ULFK
IRRGV DQG WRWDO FDUGLRYDVFXODU ULVN RU FDUGLRYDVFXODU ULVN
IDFWRUV%팀sXFK DV K\SHUWHQVLRQ FHQWUDO REHVLW\ LQVXOLQ
VHQVLWLYLW\ DQG HOHYDWHG SODVPD FKROHVWHURO 
7KH SURWHFWLYH HIIHFW RI GLHWDU\ ILEUH RQ ULVN RI &9' DQG &+'
LV ELRORJLFDOO\ SODXVLEOH DQG WKHUH DUH PDQ\ SRWHQWLDO
PHFKDQLVPV WKURXJK ZKLFK ILEUH PD\ DFW RQ LQGLYLGXDO ULVN
IDFWRUV 6ROXEOH YLVFRXV ILEUH W\SHV FDQ DIIHFW DEVRUSWLRQ IURP
WKH VPDOO LQWHVWLQH EHFDXVH RI WKH IRUPDWLRQ RI JHOV WKDW DWWHQXDWH
SRVWSUDQGLDO EORRG JOXFRVH DQG OLSLG ULVHV  7KH IRUPDWLRQ RI
JHOV DOVR VORZV JDVWULF HPSW\LQJ PDLQWDLQLQJ OHYHOV RI VDWLHW\
DQG FRQWULEXWLQJ WRZDUGV OHVV ZHLJKW JDLQ  6ROXEOH ILEUH DQG
UHVLVWDQW VWDUFK PROHFXOHV DUH DGGLWLRQDOO\ IHUPHQWHG E\ EDFWHULD
LQ WKH ODUJH LQWHVWLQH SURGXFLQJ VKRUW FKDLQ IDWW\ DFLGV ZKLFK
KHOS UHGXFH FLUFXODWLQJ FKROHVWHURO OHYHOV
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,Q DGGLWLRQ WR ILEUH PDQ\ RWKHU SRWHQWLDOO\ EHQHILFLDO FRPSRXQGV
ZLWKLQ KLJK ILEUH IRRGV FRXOG KDYH SURWHFWLYH HIIHFWV )RU
H[DPSOH FRPSRXQGV LQ JUDLQV VXFK DV DQWLR[LGDQWV KRUPRQDOO\
DFWLYH OLJQDQV SK\WRVWHUROV DP\ODVH LQKLELWRUV DQG VDSRQLQV
KDYH DOO EHHQ VKRZQ WR LQIOXHQFH ULVN IDFWRUV IRU &+' DQG WKH
FRPELQDWLRQ RI FRPSRXQGV ZLWKLQ JUDLQV FRXOG EH UHVSRQVLEOH
IRU WKHLU SURWHFWLYH HIIHFW
7KH DLP RI WKLV ZRUN ZDV WR UHYLHZ OLWHUDWXUH SXEOLVKHG VLQFH
 LQ JHQHUDOO\ KHDOWK\ SRSXODWLRQV FRQFHUQLQJ GLHWDU\ ILEUH
LQWDNH DQG FDUGLRYDVFXODU ULVN DQG WR XSGDWH UHSRUWV SXEOLVKHG
LQ WKH 8QLWHG .LQJGRP E\ WKH &RPPLWWHH RQ 0HGLFDO $VSHFWV
RI )RRG 3ROLF\ LQ WKH HDUO\ V 
0HWKRGV
6HDUFK VWUDWHJ\
:H FRQGXFWHG OLWHUDWXUH VHDUFKHV IRU DUWLFOHV SXEOLVKHG IURP 
-DQXDU\  WR  $XJXVW  ,QLWLDO OLWHUDWXUH VHDUFKLQJ ZDV
SDUW RI D ODUJHU V\VWHPDWLF UHYLHZ FRQFHUQLQJ VWXGLHV UHSRUWLQJ
DVVRFLDWLRQV EHWZHHQ DQ\ IRUP RI FDUERK\GUDWH LQWDNH DQG
FDUGLRPHWDEROLF KHDOWK RXWFRPHV EHWZHHQ  -DQXDU\  WR
1RYHPEHU  6HDUFKHV ZHUH FRQGXFWHG E\ DQ LQIRUPDWLRQ
VSHFLDOLVW LQ DGGLWLRQ WR RWKHU PHPEHUV RI WKH UHVHDUFK WHDP
9-% '(7 &/& :H XVHG VL[ HOHFWURQLF GDWDEDVHV WKH
&RFKUDQH /LEUDU\ 0HGOLQH 0HGOLQH LQSURFHVV (PEDVH &$%
$EVWUDFWV ,6, :HE RI 6FLHQFH DQG %,26,6 7KLV VHDUFK ZDV
H[WHQGHG IURP  XVLQJ 0HGOLQH 0HGOLQH LQSURFHVV DQG
(PEDVH ZKLFK ZHUH WKH PDLQ VRXUFHV RI LQFOXGHG DUWLFOHV LQ
WKH LQLWLDO VHDUFK 7KLV XSGDWH VHDUFKLQJ ZDV FDUULHG RXW RQO\
IRU DUWLFOHV UHSRUWLQJ GLHWDU\ ILEUH DQG &9' RU &+' :H XVHG
WKH VDPH NH\ VHDUFK WHUPV LQFOXGLQJ DPRQJ RWKHUV %�dLHWDU\
ILEUH%? %�cHOOXORVH%? %�lLJQLQ%? YDULRXV RWKHU VXEIUDFWLRQV DQG
VXEW\SHV RI ILEUH%�cDUGLRYDVFXODU GLVHDVHV%?%�cRURQDU\ GLVHDVHV%?
DQG %�m\RFDUGLDO LVFKDHPLD%? ZHE ILJ  +DQG VHDUFKLQJ RI
VHOHFWHG MRXUQDOV DQG FURVV FKHFNLQJ RI ELEOLRJUDSKLHV IURP
RWKHU SXEOLVKHG UHYLHZ DUWLFOHV ZDV DOVR GRQH WR VXSSOHPHQW WKH
HOHFWURQLF VHDUFKHV 6WDQGDUG JXLGHOLQHV IRU FRQGXFWLQJ DQG
UHSRUWLQJPHWDDQDO\VHV RI REVHUYDWLRQDO VWXGLHV ZHUH IROORZHG
6WXG\ VHOHFWLRQ
$IWHU UHPRYDO RI GXSOLFDWH UHIHUHQFHV LQLWLDO VFUHHQLQJ RI DUWLFOH
WLWOHV DQG DEVWUDFWV ZDV XQGHUWDNHQ E\ PHPEHUV RI WKH UHYLHZ
WHDP '(7 &/& &(/( 9-% 7KLV SURFHVV UHPRYHG WKRVH
DUWLFOHV WKDW ZHUH FOHDUO\ QRW UHOHYDQW%팀sXFK DV HGLWRULDOV VLQJOH
FDVH VWXG\ UHSRUWV DQG WKHUDSHXWLF DSSURDFK DUWLFOHV 5HYLHZHUV
XVHG SUHVSHFLILHG JXLGHOLQHV WR HQVXUH D FRQVLVWHQW DSSURDFK
3RWHQWLDOO\ UHOHYDQW DUWLFOHV ZHUH REWDLQHG LQ IXOO WH[W DQG UHDG
LQGHSHQGHQWO\ E\ WZR UHYLHZ WHDPPHPEHUV '(7 &/& &(/(
&1 9-% XVLQJ D VWUXFWXUHG IORZ FKDUW DQG GHWDLOHG JXLGHOLQHV
WR GHWHUPLQH HOLJLELOLW\ IRU LQFOXVLRQ $Q\ GLVDJUHHPHQWV ZHUH
VHWWOHG E\ D WKLUG UHYLHZHU :H REWDLQHG FRSLHV RI DOO DUWLFOHV
LGHQWLILHG DV EHLQJ RI SRWHQWLDO LPSRUWDQFH LQFOXGLQJ FRQWDFWLQJ
DXWKRUV DV QHFHVVDU\
$UWLFOHV HOLJLEOH IRU LQFOXVLRQ ZHUH UHSRUWHG LQ (QJOLVK ODQJXDJH
VLQFH  DQG ZHUH RULJLQDO UHVHDUFK IURP SURVSHFWLYH
REVHUYDWLRQDO VWXGLHV ZLWK DW OHDVW WKUHH \HDUV%? IROORZXS
6WXGLHV KDG WR UHSRUW LQFLGHQW RU IDWDO HYHQWV RI SULPDU\ &+'
RU &9' LQ UHODWLRQ WR GLHWDU\ ILEUH LQWDNH
%HFDXVH SULPDU\ SUHYHQWLRQ RI &9' ZDV WKH PDLQ IRFXV IRU
WKLV ZRUN UDWKHU WKDQ VHFRQGDU\ SUHYHQWLRQ ZH H[FOXGHG
VWXGLHV LI SDUWLFLSDQWV KDG EHHQ VSHFLILFDOO\ UHFUXLWHG EHFDXVH
RI LOO KHDOWK RU KLVWRU\ RI GLVHDVH DQG LI WKH VWXG\ GLG QRW UHFUXLW
IURP D JHQHUDOO\ KHDOWK\ SRSXODWLRQ
0XOWLSOH UHSRUWV IURP WKH VDPH FRKRUW VWXG\ ZHUH UHYLHZHG
DQG SDSHUV ZLWK WKH ORQJHVW IROORZXS IRU LGHQWLFDO RXWFRPHV
ZHUH LQFOXGHG ,I LQVXIILFLHQW GDWD ZHUH SUHVHQWHG DW WKH ORQJHU
IROORZXS IRU LQFOXVLRQ LQ PHWDDQDO\VLV ZH XVHG WKH VKRUWHU
IROORZXS GDWD
0HWKRGRORJLFDO TXDOLW\ RI VWXGLHV ZDV HYDOXDWHG XVLQJ WKH
1HZFDVWOH2WWDZD 6FDOH IRU DVVHVVLQJ FRKRUW VWXGLHV XVHG LQ
PHWDDQDO\VHV 6WXGLHV ZHUH QRW H[FOXGHG EDVHG RQ WKHVH
VFRUHV EXW DVSHFWV RI VWXG\ TXDOLW\%팀sXFK DV IROORZXS GXUDWLRQ
FDVH DVFHUWDLQPHQW DQG DGMXVWPHQW IRU YDULRXV LPSRUWDQW
FRQIRXQGHUV%팀wHUH LQYHVWLJDWHG WKURXJK PHWDUHJUHVVLRQ
'DWD H[WUDFWLRQ
'DWD IURP DUWLFOHV ZHUH H[WUDFWHG GLUHFWO\ LQWR D 0LFURVRIW
$FFHVV GDWDEDVH ZKLFK LQFOXGHG SUHGHILQHG ILHOGV VHW XS WR
FDSWXUH DVSHFWV RI VWXG\ GHVLJQ DQG TXDOLW\ DV ZHOO DV DOO UHVXOWV
UHODWLYH ULVNV DQG FRQILGHQFH LQWHUYDOV :H DOVR H[WUDFWHG
GHWDLOV RQ H[SRVXUH W\SH DQG TXDQWLW\ FDVH QXPEHUV WKH
GHILQLWLRQ RI RXWFRPH DQG DGMXVWPHQWV XVHG ZLWKLQ DQDO\VHV
7KLV PHWKRG RI GDWD H[WUDFWLRQ ZDV EDVHG RQ WKH DSSURDFK XVHG
IRU WKH :RUOG &DQFHU 5HVHDUFK )XQG VHFRQG H[SHUW UHSRUW
0XOWLSOH ULVN HVWLPDWHV ZHUH H[WUDFWHG IURP PRVW SXEOLFDWLRQV
EHFDXVH ULVN RI &+' RU &9' ZDV SURYLGHG IRU D UDQJH RI ILEUH
VXEW\SHV DQG VRXUFHV DV ZHOO DV IRU WRWDO GLHWDU\ ILEUH 5LVN UDWLRV
SOXV  FRQILGHQFH LQWHUYDOV IRU FRQWLQXRXV OLQHDU H[SRVXUHV
ZHUH H[WUDFWHG SUHIHUHQWLDOO\ RU ZKHUH WKHVH GDWD ZHUH QRW
DYDLODEOH ULVN HVWLPDWHV DFURVV LQFUHDVLQJ ILEUH LQWDNH FDWHJRULHV
ZHUH H[WUDFWHG
6WDWLVWLFDO PHWKRGV
,QFOXGHG VWXGLHV XVH D UDQJH RI GLIIHUHQW GHILQLWLRQV IRU WKHLU
H[SRVXUH FDWHJRULHV :H WKHUHIRUH GHULYHG DQ HVWLPDWHG
GRVHUHVSRQVH WUHQG IRU HDFK VWXG\ XVLQJ WKH PHWKRG
UHFRPPHQGHG E\ *UHHQODQG DQG /RQJQHFNHU 7KHVH
GRVHUHVSRQVH WUHQGV ZHUH WKHQ FRPELQHG XVLQJ UDQGRP HIIHFWV
PHWDDQDO\VLV 7KLV PHWKRG JHQHUDWHV VWXG\ VSHFLILF VORSHV ZLWK
 FRQILGHQFH LQWHUYDOV EDVHG RQ WKH UHVXOWV SUHVHQWHG IRU
HDFK FDWHJRU\ RI ILEUH LQWDNH 7R GHULYH D OLQHDU GRVHUHVSRQVH
FXUYH IRU HDFK VWXG\ WKH GLVWULEXWLRQ RI FDVHV DQG SHUVRQ \HDUV
RU FDVHV DQG QRQFDVHV ZLWK ULVN UDWLRV DQG HVWLPDWHV RI
XQFHUWDLQW\ IRU H[DPSOH FRQILGHQFH LQWHUYDOV IRU DW OHDVW WKUHH
FDWHJRULHV RI TXDQWLILHG ILEUH LQWDNH QHHGHG WR EH SUHVHQWHG LQ
WKH UHYLHZHG SXEOLFDWLRQ ,I WKH WRWDO QXPEHU RI FDVHV RU SHUVRQ
\HDUV ZDV SUHVHQWHG EXW QRW WKH GLVWULEXWLRQ ZH HVWLPDWHG WKH
GLVWULEXWLRQ RQ WKH EDVLV RI GHILQLWLRQV RI WKH TXDQWLOHV 7KH
PHGLDQ RU PHDQ OHYHO RI ILEUH LQWDNH ZDV WKHQ DVVLJQHG WR WKH
FRUUHVSRQGLQJ ULVN UDWLR IRU HDFK VWXG\ :KHQ PHGLDQV DQG
PHDQV ZHUH QRW SUHVHQWHG ZH XVHG WKH FDWHJRU\ PLGSRLQW
:KHUH WKH KLJKHVW RU ORZHU FDWHJRU\ ZDV XQERXQGHG ZH
DVVXPHG WKH ZLGWK RI WKH FDWHJRU\ WR EH WKH VDPH DV WKH QH[W
DGMDFHQW FDWHJRU\ VR WKDW ZH FRXOG DVVLJQ D PLGSRLQW ,I VWXGLHV
DOUHDG\ UHSRUWHG D OLQHDU GRVHUHVSRQVH WUHQG ZLWK FRQILGHQFH
LQWHUYDOV RU VWDQGDUG HUURU WKLV ZDV XVHG GLUHFWO\
,I UHVXOWV ZHUH RQO\ SUHVHQWHG VHSDUDWHO\ IRU PHQ DQG ZRPHQ
ZH GHULYHG VHSDUDWH GRVHUHVSRQVH FXUYHV 7KHVH FXUYHV ZHUH
WKHQ FRPELQHG LQWR D VLQJOH HVWLPDWH IRU WKH VWXG\ XVLQJ D IL[HG
HIIHFWV PHWDDQDO\VLV EHIRUH FRPELQLQJ ZLWK WKH RWKHU VWXGLHV
XVLQJ D UDQGRP HIIHFWV PHWDDQDO\VLV 7KLV PHWKRG PDLQWDLQHG
WKH FRUUHFW GHJUHHV RI IUHHGRP IRU WHVWV RI KHWHURJHQHLW\
+HWHURJHQHLW\ EHWZHHQ VWXGLHV ZDV WHVWHG XVLQJ &RFKUDQ%픀s 4
VWDWLVWLF DORQJVLGH WKH SURSRUWLRQ RI WRWDO YDULDWLRQ LQ VWXG\
HVWLPDWHV WKDW LV GXH WR KHWHURJHQHLW\ , 3RROHG HVWLPDWHV
DUH RQO\ SUHVHQWHG LI , GLG QRW H[FHHG RXU SUHVSHFLILHG FXW SRLQW
RI  DQG LI VWXGLHV KDG LQFOXGHG DSSURSULDWH DGMXVWPHQWV )RU
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FRPSDUDELOLW\ ILEUH LQFUHPHQWV SUHVHQWHG LQ WKH GRVHUHVSRQVH
ILJXUHV ZHUH FKRVHQ WR EH DSSUR[LPDWHO\ RQH VWDQGDUG GHYLDWLRQ
RI WKH PHDQ EDVHG RQ (XURSHDQ SRSXODWLRQ LQWDNHV IURP
PXOWLSOH VRXUFHV ,QFUHPHQWV DUH HTXLYDOHQW WR $VVRFLDWLRQ
RI 2IILFLDO $QDO\WLFDO &KHPLVW $2$& ILEUH YDOXHV EHFDXVH
PRVW FRQWULEXWLQJ VWXGLHV DVVHVVHG ILEUH LQ WKLV ZD\
:H H[SORUHG RWKHU PHWKRGRORJLFDO IHDWXUHV WKURXJK SUHGHILQHG
PHWDUHJUHVVLRQ 7KHVH LQFOXGHG ILEUH LQWDNH DVVHVVPHQW PHWKRG
$2$& RU QRQ$2$& LQFOXVLRQ RI QRQIDWDO HYHQWV IROORZXS
GXUDWLRQ  \HDUV RU ਅ \HDUV JHRJUDSKLFDO ORFDWLRQ
$PHULFDV (XURSH RU RWKHU DQG ZKHWKHU WKH UHVXOWV ZHUH
DGMXVWHG IRU DJH DOFRKRO DQWKURSRPHWU\ HQHUJ\ LQWDNH SK\VLFDO
DFWLYLW\ RU VH[ $OO DQDO\VHV ZHUH SHUIRUPHG LQ 6WDWD 
7KH SRWHQWLDO IRU VPDOO VWXG\ HIIHFWV VXFK DV SXEOLFDWLRQ ELDV
ZDV H[SORUHG XVLQJ IXQQHO SORWV ZLWK (JJHU%픀s WHVW RI DV\PPHWU\
ZKHUH WKHUH ZHUH VXIILFLHQW VWXGLHV WR DOORZ WKH WHVW
:H SORWWHG QRQOLQHDU GRVHUHVSRQVH FXUYHV XVLQJ UHVWULFWHG
FXELF VSOLQHV IRU HDFK VWXG\ ZLWK NQRWV IL[HG DW SHUFHQWLOHV
  DQG  WKURXJK WKH GLVWULEXWLRQ DQG WKH PHGLDQ
LQWDNH DV WKH UHIHUHQFH  7KHVH FXUYHV ZHUH FRPELQHG XVLQJ
PXOWLYDULDWH PHWDDQDO\VLV DQG WKH VXPPDU\ FXUYHZDV SORWWHG
ZLWK  FRQILGHQFH OLPLWV XVLQJ WKH PHGLDQ RYHU DOO VWXGLHV
DV WKH UHIHUHQFH 6WXGLHV ZLWK WKUHH RU IHZHU FDWHJRULHV FRXOG
QRW EH LQFOXGHG LQ WKLV DQDO\VLV
5HVXOWV
/LWHUDWXUH VHDUFK
:H LGHQWLILHG  SXEOLFDWLRQV LQ WRWDO  IURP WKH PDLQ VHDUFK
SOXV  IURP WKH XSGDWH ZHE ILJ  2I WKHVH SDSHUV IRXU
UHSRUWHG RQO\ EDVHOLQH ILEUH LQWDNHV LQ WKRVH VXEVHTXHQWO\
FODVVLILHG DV FDVHV RU QRQFDVHV DQG ZLOO QRW EH GLVFXVVHG KHUH
IXUWKHU EHFDXVH UHVXOWV ZHUH HLWKHU XQDGMXVWHG RU PLQLPDOO\
DGMXVWHG
,Q WRWDO ZH LGHQWLILHG  SXEOLFDWLRQV IURP  FRKRUW VWXGLHV
WKDW SURYLGHG ULVN HVWLPDWHV IRU WRWDO GLHWDU\ ILEUH LQWDNH DQG
LQFLGHQW RU IDWDO HYHQWV RI &9' RU &+'   7KUHH DGGLWLRQDO
SXEOLFDWLRQV ZHUH LGHQWLILHG WKDW UHSRUWHG ULVN RI &9' RU &+'
LQ UHODWLRQ WR RQO\ FHUHDO ILEUH LQWDNH 5HVXOWV IURP WKH
6FRWWLVK +HDUW +HDOWK 6WXG\ FRXOG QRW EH SRROHG EHFDXVH RQO\
GDWD IRU ILEUH GHQVLW\ J 0- ZHUH UHSRUWHG DQG LW ZDV QRW
SRVVLEOH WR TXDQWLI\ LQWDNHV LQ HDFK FRQVXPSWLRQ FDWHJRU\
,QFOXGHG VWXG\ FKDUDFWHULVWLFV
7KH FRKRUWV ZHUH ODUJHO\ IURP WKH 86     RU
(XURSH       LQ DGGLWLRQ WR WZR -DSDQHVH  DQG RQH
$XVWUDOLDQ VWXG\  WDEOHদ 'LHWDU\ LQWDNHV WHQGHG WR EH
DVVHVVHGZLWK IRRG IUHTXHQF\ TXHVWLRQQDLUHV ZLWK WKH H[FHSWLRQV
RI WKH 1DWLRQDO +HDOWK DQG 1XWULWLRQ ([DPLQDWLRQ 6XUYH\ ,
VWXG\ =XWSKHQ (OGHUO\ VWXG\ DQG 0DOPR 'LHW DQG &DQFHU
&RKRUW LQ ZKLFK UHFDOOV RU GLHW KLVWRULHV ZHUH WDNHQ   7KH
1RUIRON EUDQFK RI WKH (XURSHDQ 3URVSHFWLYH ,QYHVWLJDWLRQ LQWR
&DQFHU DQG 1XWULWLRQ (3,& SUHVHQWHG UHVXOWV IRU GLHW DVVHVVHG
ERWK ZLWK IRRG IUHTXHQF\ TXHVWLRQQDLUHV DQG VHYHQ GD\ IRRG
GLDULHV
(VWLPDWHV RI ILEUH LQWDNH ZHUH JHQHUDWHG XVLQJ YDOXHV GHULYHG
ZLWK WKH $2$& PHWKRG LQ PRVW VWXGLHV    ZLWK RQH
)LQQLVK VWXG\ DQG IRXU 8. VWXGLHV FODVVLI\LQJ ILEUH DV QRQVWDUFK
SRO\VDFFKDULGH RQO\    2QH VWXG\ LQFOXGHG ULVN HVWLPDWHV
ZLWK WRWDO ILEUH DVVHVVHG ERWK DV QRQVWDUFK SRO\VDFFKDULGH DQG
XVLQJ WKH $2$& PHWKRG DQG ULVN HVWLPDWHV IRU IRRG VRXUFHV
RI ILEUH DVVHVVHG RQO\ DV QRQVWDUFK SRO\VDFFKDULGH
7KH TXDOLW\ RI VWXGLHV LQFOXGHG LQ PHWDDQDO\VHV ZDV DVVHVVHG
E\ DSSO\LQJ WKH 1HZFDVWOH2WWDZD VFDOH IRU FRKRUW VWXGLHV
:HE ILJXUH  OLVWV GHWDLOV RI KRZ WKH FULWHULD ZHUH DSSOLHG WR
FRKRUW VWXGLHV UHSRUWLQJ GLHWDU\ ILEUH LQWDNH DQG &9' :HE
WDEOH  SUHVHQWV WKH VFRUHV DVVLJQHG WR HDFK LQFOXGHG VWXG\
/RZHU VFRULQJ VWXGLHV KDG QRW DVVHVVHG GLHW XVLQJ VWUXFWXUHG
LQWHUYLHZV KDG QRW UHFUXLWHG D UHSUHVHQWDWLYH VDPSOH RI WKH
FRPPXQLW\ DQG HLWKHU GLG QRW UHSRUW ORVVHV WR IROORZXS RU KDG
QRW UHSRUWHG ZKHWKHU SDUWLFLSDQWV ZLWK SUHYDOHQW GLVHDVH ZHUH
H[FOXGHG IURP DQDO\VHV $OO VWXGLHV KDG DGMXVWHG IRU DSSURSULDWH
SRWHQWLDO FRQIRXQGHUV KDG GUDZQ QRQFDVHV IURP WKH VDPH
SRSXODWLRQ DV FDVHV KDG DGHTXDWH IROORZXS WLPH EHWZHHQ
GLHWDU\ DVVHVVPHQW DQG RXWFRPHV DQG DOVR UHSRUWHG WKDW
RXWFRPHV ZHUH REWDLQHG IURPPHGLFDO UHFRUGV RU WKURXJK UHFRUG
OLQNDJH
7RWDO ILEUH LQWDNH DQG ULVN RI &+'
7ZHOYH RI  SXEOLFDWLRQV UHSRUWLQJ FRURQDU\ HYHQW ULVN DQG
WRWDO ILEUH LQWDNH ZHUH LQFOXGHG LQ WKH GRVHUHVSRQVH
PHWDDQDO\VLV       5HVXOWV IRU LQFLGHQW HYHQWV IURP
WKH 1RUIRON DUP RI WKH (3,& VWXG\ZHUH QRW LQFOXGHG EHFDXVH
IDWDO FDVHV ZHUH DGGLWLRQDOO\ LQFOXGHG LQ DQRWKHU SXEOLFDWLRQ
WKDW UHSRUWHG RQ DOO (3,& FHQWUHV $V GLVFXVVHG DERYH UHVXOWV
IURP WKH 6FRWWLVK +HDUW +HDOWK 6WXG\ FRXOG QRW EH SRROHG
5HVXOWV IURP WKH 2[IRUG 9HJHWDULDQ 6WXG\ ZHUH DOVR QRW
LQFOXGHG LQ WKH PHWDDQDO\VLV EHFDXVH SDUWLFLSDQWV IURP WKLV
FRKRUW KDG EHHQ LQYLWHG WR SDUWLFLSDWH LQ WKH 2[IRUG EUDQFK RI
WKH (3,& VWXG\ZKLFK IRUPHG SDUW RI DQRWKHU LQFOXGHG FRKRUW
7KH SRROHG HVWLPDWH IRU WKH ULVN UDWLR SHU  JGD\ LQFUHDVH LQ
ILEUH ZDV   FRQILGHQFH LQWHUYDO  WR  ZLWK
HYLGHQFH RI PRGHUDWH KHWHURJHQHLW\ EHWZHHQ VWXGLHV , 
 WR  ILJ দ 7KH GRVHUHVSRQVH FXUYH VKRZHG WKDW ORZHU
&+' ULVN ZDV DVVRFLDWHG ZLWK JUHDWHU LQWDNHV RI WRWDO ILEUH EXW
FRQILGHQFH LQWHUYDOV DURXQG WKH HVWLPDWH ZLGHQHG WRZDUGV WKH
XSSHU LQWDNH OHYHOV ZKHUH GDWD ZHUH VSDUVH 7KHUHIRUH
LQWHUSUHWDWLRQ RI ULVN DW WKHVH KLJKHU LQWDNHV VKRXOG EH
XQGHUWDNHQ FDXWLRXVO\ ILJ দ
7RWDO ILEUH LQWDNH DQG ULVN RI &9'
7HQ SXEOLFDWLRQV UHSRUWHG &9' ULVN IDWDO RU LQFLGHQW VWURNH
SOXV &+' DQG WRWDO GLHWDU\ ILEUH LQWDNH DOO RI ZKLFK ZHUH
LQFOXGHG LQ WKH GRVHUHVSRQVH PHWDDQDO\VLV     
(DFK VWXG\ XVHG GLIIHUHQW FULWHULD WR FODVVLI\ &9' FDVHV )LYH
VWXGLHV LQFOXGHG DQ\ FLUFXODWRU\ FRQGLWLRQ HTXLYDOHQW WR ,&'
LQWHUQDWLRQDO FODVVLILFDWLRQ RI GLVHDVHV WK UHYLVLRQ
,,     DQG ILYH VWXGLHV VHHPHG WR XVH QDUURZHU
GHILQLWLRQV     7KH SRROHG ULVN UDWLR SHU  JGD\ LQFUHDVH
LQ ILEUH ZDV   FRQILGHQFH LQWHUYDO  WR  ZLWK
VRPH HYLGHQFH RI KHWHURJHQHLW\ EHWZHHQ VWXGLHV ,  
WR  ILJ দ 7KH GRVHUHVSRQVH FXUYH IRU WRWDO ILEUH LQWDNH
DQG &9' ILJ দ VHHPHG WR VKRZ WKDW HYHQW ULVN IHOO VWHDGLO\
ZLWK LQFUHDVLQJ WRWDO ILEUH LQWDNH
)RU HDV\ FRPSDULVRQ EHWZHHQ ULVN HVWLPDWHV IRU WKH GLIIHUHQW
ILEUH H[SRVXUHV ILJXUH দ GLVSOD\V WKH FRPELQHG ULVN HVWLPDWHV
IRU ERWK &+' DQG &9' ZLWK JUHDWHU LQWDNH RI WRWDO ILEUH
LQVROXEOH VROXEOH DQG VRXUFHV RI ILEUH FHUHDO IUXLW RU
YHJHWDEOH 7KH GRVHUHVSRQVH LQFUHPHQWV GLIIHU ZLWK HDFK
H[SRVXUH WR UHIOHFW WKH PHDQ VWDQGDUG GHYLDWLRQ DPRQJ WKH
SRSXODWLRQV :HE ILJXUHV  LQFOXGH IXOO IRUHVW SORWV DQG
UHVWULFWHG FXELF VSOLQH ILJXUHV IRU HDFK PHWDDQDO\VLV RWKHU WKDQ
WRWDO ILEUH ILJV 
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5(6($5&+
,QVROXEOH ILEUH LQWDNH DQG ULVN RI &+' RU &9'
2I VL[ SXEOLFDWLRQV UHSRUWLQJ &+' ULVN DQG LQVROXEOH ILEUH
LQWDNH ILYH ZHUH LQFOXGHG LQ WKH PHWDDQDO\VLV    5HVXOWV
IURP WKH -DSDQ 3XEOLF +HDOWK &HQWUHEDVHG &RKRUW FRXOG QRW
EH LQFOXGHG LQ WKH PHWDDQDO\VLV EHFDXVH WKH VWXG\ UHSRUWHG ULVN
LQ GLIIHUHQW LQWDNH FDWHJRULHV EXW GLG QRW SURYLGH YDOXHV IRU
LQVROXEOH ILEUH LQ WKH JURXSV 7KH SRROHG HVWLPDWH IRU WKH ULVN
UDWLR SHU  JGD\ LQFUHDVH LQ LQVROXEOH W\SH ILEUH ZDV  
FRQILGHQFH LQWHUYDO  WR  ZLWK HYLGHQFH RI UHDVRQDEO\
KLJK KHWHURJHQHLW\ ,   WR  ILJ  DQG ZHE ILJ
$
7KUHH VWXGLHV UHSRUWHG &9' ULVN DQG LQVROXEOH ILEUH LQWDNH DQG
DOO ZHUH LQFOXGHG LQ WKH PHWD DQDO\VLV ILJ  DQG ZHE ILJ
&   )RU HDFK  JGD\ LQFUHDVH LQ LQVROXEOH ILEUH LQWDNH
WKH FRPELQHG ULVN UDWLR IRU &9' ZDV WKH VDPH DV ZLWK &+'
  FRQILGHQFH LQWHUYDO  WR  7KHUH ZDV VRPH
HYLGHQFH RI KHWHURJHQHLW\ EHWZHHQ WKH VWXGLHV ,   WR

)URP WKH UHVWULFWHG FXELF VSOLQHV ZHE ILJV % DQG ' &+'
DQG &9' ULVN FDQ EH VHHQ WR JUDGXDOO\ OHVVHQ ZLWK HYHU KLJKHU
LQWDNHV RI LQVROXEOH ILEUH ,QWHUSUHWDWLRQ RI ULVN IURP WKHVH
ILJXUHV HVSHFLDOO\ DW KLJKHU LQWDNH OHYHOV VKRXOG EH FDXWLRXVO\
XQGHUWDNHQ EHFDXVH GDWD DFURVV WKH LQWDNH UDQJH ZHUH VSDUVH
DQG ZHUH DYDLODEOH RQO\ LQ ILYH RU WKUHH VWXGLHV UHVSHFWLYHO\
6ROXEOH ILEUH LQWDNH DQG ULVN RI &+' RU &9'
2I VHYHQ FRKRUWV UHSRUWLQJ &+' ULVN DQG LQWDNH RI ZDWHU VROXEOH
ILEUH VL[ ZHUH LQFOXGHG LQ WKH PHWDDQDO\VLV      $JDLQ
UHVXOWV IURP WKH -DSDQ 3XEOLF +HDOWK &HQWUHEDVHG &RKRUW ZHUH
QRW LQFOXGHG EHFDXVH QR HVWLPDWH RI VROXEOH ILEUH LQWDNH ZDV
SUHVHQWHG 7KH SRROHG HVWLPDWH IRU WKH ULVN UDWLR SHU  JGD\
LQFUHDVH LQ VROXEOH W\SH ILEUH ZDV   FRQILGHQFH LQWHUYDO
 WR  ZLWK HYLGHQFH RI PRGHUDWH KHWHURJHQHLW\ , 
 WR  ILJ  DQG ZHE ILJ $ 7KH FXELF VSOLQH JUDSK ZHE
ILJ % VKRZV D QRQVLJQLILFDQW UHGXFWLRQ LQ &+' ULVN ZLWK
LQFUHDVLQJ VROXEOH ILEUH LQWDNH FRQILGHQFH LQWHUYDOV DURXQG WKH
HVWLPDWH UHPDLQHG ZLGH DFURVV LQWDNH OHYHOV EHFDXVH GDWD ZHUH
WKLQO\ VSUHDG
$OO IRXU VWXGLHV WKDW UHSRUWHG &9' ULVN LQ UHODWLRQ WR LQWDNH RI
VROXEOH ILEUH FRXOG EH LQFOXGHG LQ WKH PHWDDQDO\VLV    7KH
FRPELQHG HVWLPDWH IRU WKH ULVN UDWLR IURP WKHVH VWXGLHV ZDV 
 FRQILGHQFH LQWHUYDO  WR  ZLWK HYLGHQFH RI
PRGHUDWH KHWHURJHQHLW\ ,   WR  ILJ  ZHE ILJV
& DQG '
&HUHDO ILEUH LQWDNH DQG ULVN RI &+' RU &9'
&+' ULVN LQ UHODWLRQ WR FHUHDO ILEUH LQWDNH ZDV UHSRUWHG LQ 
SXEOLFDWLRQV RI ZKLFK QLQH ZHUH LQFOXGHG LQ WKH
PHWDDQDO\VLV         5HVXOWV IURP WKH (3,& 1RUIRON
VWXG\ZHUH QRW LQFOXGHG EHFDXVH WKLV FRKRUW KDG EHHQ LQFOXGHG
LQ WKH SRROHG (3,& HVWLPDWH 7ZR UHVXOWV IURP WKH 1XUVHV%?
+HDOWK 6WXG\ ZHUH LGHQWLILHG WKH UHVXOWV IURP %HUQVWHLQ DQG
FROOHDJXHV ZHUH LQFOXGHG RYHU WKRVH IURP :RON DQG
FROOHDJXHV EHFDXVH RI ORQJHU IROORZXS %HUQVWHLQ DQG
FROOHDJXHV UHSRUWHG VHYHUDO KD]DUG UDWLRV FDOFXODWHG E\ XVLQJ
VHYHUDO PHWKRGV DQG WKH UHVXOW GHULYHG IURP WKH FXPXODWLYH
DYHUDJH LQWDNH ZDV XVHG EHFDXVH LW ZDV PRVW FRQVLVWHQW ZLWK
WKH RWKHU VWXGLHV 5HVXOWV IURP WKH $XVWUDOLDQ %OXH 0RXQWDLQ
(\H 6WXG\ ZHUH QRW LQFOXGHG EHFDXVH GDWD SUHVHQWHG ZHUH
LQVXIILFLHQW WR GHULYH D GRVHUHVSRQVH WUHQG 7KH SRROHG
HVWLPDWH IRU WKH ULVN UDWLR SHU  JGD\ LQFUHDVH LQ ILEUH IURP
FHUHDO VRXUFHV ZDV   FRQILGHQFH LQWHUYDO  WR 
ZLWK HYLGHQFH RI KHWHURJHQHLW\ EHWZHHQ VWXGLHV ,  
WR  ILJ  DQG ZHE ILJ $ 7KH GRVHUHVSRQVH FXUYH ZHE
ILJ % VKRZHG WKDW ORZHU &+' ULVN FRQWLQXHG WR EH DVVRFLDWHG
ZLWK KLJKHU LQWDNHV RI ILEUH IURP FHUHDOV DOWKRXJK GDWD ZHUH
FRQFHQWUDWHG DURXQG ORZHU LQWDNH OHYHOV DQG WKXV OHVV ZHLJKW
VKRXOG EH SODFHG RQ ULVN HVWLPDWHV DW KLJKHU LQWDNHV
'DWD IURP ILYH RI VL[ VWXGLHV UHSRUWLQJ FHUHDO ILEUH LQWDNH DQG
&9' ULVN FRXOG EH LQFRUSRUDWHG LQWR WKH SRROHG
HVWLPDWH     7KH ULVN UDWLR SHU  JGD\ JUHDWHU LQWDNH RI
FHUHDO ILEUH ZDV   FRQILGHQFH LQWHUYDO  WR 
ZLWK HYLGHQFH RI UHODWLYHO\ ORZ KHWHURJHQHLW\ ,   WR
 ILJ  ZHE ILJV & DQG '
)UXLW ILEUH LQWDNH DQG ULVN RI &+' RU &9'
1LQH RI  SXEOLFDWLRQV WKDW UHSRUWHG ILEUH LQWDNH IURP IUXLW DQG
&+' ULVN ZHUH LQFOXGHG LQ WKH PHWDDQDO\VLV        
7KH UHVXOWV UHSRUWHG LQ WKH (3,& 1RUIRON SDSHU ZHUH DJDLQ QRW
LQFOXGHG 7KH SRROHG HVWLPDWH IRU WKH ULVN UDWLR SHU  JGD\
LQFUHDVH LQ ILEUH IURP IUXLW ZDV   FRQILGHQFH LQWHUYDO
 WR  ZLWK HYLGHQFH RI VXEVWDQWLDO KHWHURJHQHLW\ EHWZHHQ
VWXGLHV ,   WR  ILJ  DQG ZHE ILJ $
'DWD IURP IRXU VWXGLHV ZHUH LQFOXGHG LQ WKH PHWDDQDO\VLV IRU
IUXLW ILEUH LQWDNH DQG &9' ULVN    2QH DGGLWLRQDO VWXG\
FRXOG QRW EH LQFOXGHG LQ WKH PHWDDQDO\VLV EHFDXVH RQO\ D
FRPSDULVRQ RI KLJKHVW DQG ORZHVW FDWHJRULHV RI IUXLW ILEUH LQWDNH
ZDV SUHVHQWHG )RU HDFK  JGD\ JUHDWHU LQWDNH RI IUXLW ILEUH
WKH ULVN UDWLR ZDV   FRQILGHQFH LQWHUYDO  WR 
ZLWK QR HYLGHQFH RI H[FHVV KHWHURJHQHLW\ EHWZHHQ WKH VWXGLHV
,   WR  ILJ  DQG ZHE ILJ &
7KH GRVHUHVSRQVH FXUYH LQGLFDWHV WKDW ORZHU ULVN RI &+' RU
&9' LV DVVRFLDWHG ZLWK KLJKHU IUXLW ILEUH LQWDNHV RI XS WR DURXQG
 JGD\ ZKLFK LV HTXLYDOHQW WR DERXW WZR WR IRXU VHUYLQJV RI
IUXLW 7KHUH ZDV VRPH HYLGHQFH RI SRVVLEOH WKUHVKROG HIIHFWV
ZKHUH WKH OLQHV IRU WKH GRVHUHVSRQVH ILJXUHV IODWWHQHG RYHU
KLJKHU LQWDNHV ZHE ILJV % DQG ' %XW DJDLQ GDWD ZHUH VSDUVH
DW WKH XSSHU LQWDNH OHYHOV DQG VKRXOG EH LQWHUSUHWHG FDXWLRXVO\
9HJHWDEOH ILEUH LQWDNH DQG ULVN RI &+' RU &9'
1LQH RI  SXEOLFDWLRQV WKDW UHSRUWHG YHJHWDEOH ILEUH LQWDNH DQG
&+' ULVN ZHUH LQFOXGHG LQ WKH PHWDDQDO\VLV        
$JDLQ WKH UHVXOWV IURP (3,& 1RUIRON ZHUH QRW LQFOXGHG KHUH
0RVW VWXGLHV GLG QRW UHSRUW ZKHWKHU SRWDWRHV ZHUH LQFOXGHG
ZLWKLQ WKH FODVVLILFDWLRQ RI YHJHWDEOHV ZLWK WKH H[FHSWLRQ RI
IRXU SXEOLFDWLRQV ZKLFK GLG QRW LQFOXGH SRWDWRHV    7KH
SRROHG HVWLPDWH IRU WKH ULVN UDWLR SHU  JGD\ LQFUHDVH LQ ILEUH
IURP YHJHWDEOH VRXUFHV ZDV   FRQILGHQFH LQWHUYDO 
WR  ZLWK QR HYLGHQFH RI H[FHVV KHWHURJHQHLW\ EHWZHHQ
VWXGLHV ,   WR  ILJ  DQG ZHE ILJ $
'DWD IURP IRXU VWXGLHV ZHUH LQFOXGHG LQ WKH PHWDDQDO\VLV IRU
YHJHWDEOH ILEUH LQWDNH DQG &9' ULVN    $JDLQ RQH
DGGLWLRQDO VWXG\ FRXOG QRW EH LQFOXGHG LQ WKH PHWDDQDO\VLV
EHFDXVH RQO\ D FRPSDULVRQ RI KLJKHVW DQG ORZHVW FDWHJRULHV RI
YHJHWDEOH ILEUH LQWDNH ZDV SUHVHQWHG )RU HDFK  JGD\ JUHDWHU
LQWDNH RI YHJHWDEOH ILEUH WKH ULVN UDWLR ZDV   FRQILGHQFH
LQWHUYDO  WR  ZLWK QR HYLGHQFH RI H[FHVV KHWHURJHQHLW\
EHWZHHQ WKH VWXGLHV ,   WR  ILJ  DQG ZHE ILJ &
6LPLODU WR WKH GRVHUHVSRQVH FXUYHV IRU IUXLW ILEUH ORZHU ULVN RI
&+' DQG &9' ZDV HDFK DVVRFLDWHG ZLWK JUHDWHU LQWDNHV RI
YHJHWDEOH ILEUH XS WR LQWDNHV DERXW  JGD\ IRU &+' RU  JGD\
IRU &9' 7KHVH YDOXHV ZRXOG EH URXJKO\ HTXLYDOHQW WR WKH ILEUH
LQ IRXU WR VL[ SRUWLRQV RI YHJHWDEOHV EXW DJDLQ GDWD EHFDPH
VSDUVH DW KLJKHU LQWDNHV DQG FRQILGHQFH LQWHUYDOV ZLGHQHG ZHE
ILJV % DQG '
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2WKHU VRXUFHV RI ILEUH LQ DVVRFLDWLRQZLWK &+'RU &9' ULVN
7RR IHZ VWXGLHV UHSRUWHG UHVXOWV IRU ILEUH IUDFWLRQV RU IURP RWKHU
VRXUFHV WR SHUPLW SRROLQJ EXW ILQGLQJV IURP RQH VWXG\ VXJJHVWHG
D SRVVLEOH SURWHFWLYH DVVRFLDWLRQ IRU FHOOXORVH DQG OLJQLQ LQWDNH
IRU IDWDO &+' ULVN +RZHYHU WKLV DVVRFLDWLRQ ZDV QRW HYLGHQW
ZKHQ QRQIDWDO P\RFDUGLDO LQIDUFWLRQ HYHQWV ZHUH FRPELQHG
ZLWK WKH IDWDO &+' FDVHV 7KH (3,&+HDUW VWXG\ GLG QRW UHSRUW
D SURWHFWLYH DVVRFLDWLRQ IRU %�oWKHU ILEUH%? WKDW LV GHULYHG IURP
QRQFHUHDO YHJHWDEOH RU IUXLW VRXUFHV%팀nRU GLG WKH =XWSKHQ
(OGHUO\ VWXG\ ZKLFK H[DPLQHG ERWK ORQJ WHUP DQG UHFHQW OHJXPH
DQG SRWDWR ILEUH LQWDNH $ 86 VWXG\ UHSRUWHG D SURWHFWLYH
DVVRFLDWLRQ IRU OHJXPH ILEUH LQ ZRPHQ EXW QRW PHQ ZLWK IDWDO
&9' ULVN DOWKRXJK RQH 8. VWXG\ GLG QRW UHSRUW SURWHFWLYH
DVVRFLDWLRQV IRU OHJXPH VRXUFHV RI ILEUH DQG &+' RU &9' ULVN
LQ ZRPHQ
6WXG\ PHWDUHJUHVVLRQ
:HE WDEOHV  SUHVHQW UHVXOWV IRU PHWDUHJUHVVLRQ RI
SUHVSHFLILHG PRGHUDWRU YDULDEOHV %XW RZLQJ WR VPDOO QXPEHUV
RI LQFOXGHG VWXGLHV DQDO\VHV FRXOG KDYH D OLPLWHG FDSDFLW\ WR
IXOO\ H[SODLQ SRWHQWLDO VRXUFHV RI KHWHURJHQHLW\ 7KHVH SRROHG
HVWLPDWHV VKRXOG EH LQWHUSUHWHG FDUHIXOO\ ZKHUH VPDOO QXPEHUV
RI VWXGLHV ZHUH FRPELQHG RU ZKHUH KHWHURJHQHLW\ EHWZHHQ
VWXGLHV ZDV KLJK ,!
6WXG\ VXEJURXS DQDO\VHV IRU WRWDO GLHWDU\ ILEUH LQWDNH ZHUH VWDEOH
RQ WKH ZKROH DQG UHPDLQHG SURWHFWLYHO\ DVVRFLDWHG ZLWK ULVN
ZHE WDEOH  )RU &+' ULVN DQG WRWDO ILEUH LQWDNH QR GLIIHUHQFHV
ZHUH REVHUYHG EHWZHHQ WKH VH[HV 86 (XURSHDQ RU RWKHU VWXG\
ORFDWLRQV RU VWXGLHV ZLWK YDU\LQJ IROORZXS SHULRGV &9' ULVN
ZDV QRW VLJQLILFDQWO\ DVVRFLDWHG ZLWK WRWDO ILEUH LQWDNH LQ WKH
WZR VWXGLHV WKDW KDG QRW DVVHVVHG ILEUH XVLQJ WKH $2$&PHWKRG
DQG WKH WZR VWXGLHV WKDW KDG QRW LQFOXGHG DGMXVWPHQW IRU DOFRKRO
LQ DQDO\VHV
5LVN HVWLPDWHV ZHUH ORZHU DQG PRUH RIWHQ VLJQLILFDQW ZKHQ
VWXGLHV DVVHVVLQJ $2$& ILEUH ZHUH SRROHG WKDQ ZKHQ WKRVH QRW
XVLQJ $2$& PHWKRGV ZHUH SRROHG +RZHYHU WKLV SDWWHUQ ZDV
QRW VHHQ IRU VROXEOH ILEUH DQG &+' ULVN ZLWK D VLJQLILFDQW
DVVRFLDWLRQ EHLQJ VHHQ LQ WKH WZR VWXGLHV WKDW KDG QRW XVHG
$2$&PHWKRGV RI ILEUH HVWLPDWLRQ ZHE WDEOH  ,W LV LPSRUWDQW
WR QRWH WKDW IHZHU VWXGLHV FRXOG EH SRROHG IRU QRQ$2$& UHVXOWV
DQG VWXG\ ORFDWLRQV ODUJHO\ GHWHUPLQHG WKH ILEUH HVWLPDWLRQ
PHWKRG LQ HDFK FRKRUW
'LVFXVVLRQ
$ VLJQLILFDQWO\ ORZHU ULVN RI  ZDV VHHQ IRU ERWK &9' DQG
&+' ZLWK HYHU\ DGGLWLRQDO  JGD\ RI WRWDO ILEUH FRQVXPHG
)LQGLQJV ZHUH DOLJQHGZLWK FXUUHQW UHFRPPHQGDWLRQV WR LQFUHDVH
ILEUH LQWDNH DQG VKRZHG D ODUJH ULVN UHGXFWLRQ ZLWK DQ DFKLHYDEOH
LQFUHDVH LQ GDLO\ ILEUH LQWDNH %HFDXVH &9' LV RQH RI WKH PDMRU
FDXVHV RI GHDWK LQ WKH 8. DQG SUHYDOHQFH UDWHV DPRQJ WKH
SRSXODWLRQ DUH HVWLPDWHG WR EH DURXQG  VPDOO UHGXFWLRQV
LQ ULVN FRXOG DIIHFW PDQ\ WKRXVDQGV RI LQGLYLGXDOV $Q DGGLWLRQDO
 J RI ILEUH $2$& FDQ EH SURYLGHG WKURXJK HDWLQJ MXVW RQH
SRUWLRQ RI ZKROH JUDLQV SOXV D SRUWLRQ RI EHDQV RU OHQWLOV RU
WKURXJK WZR WR IRXU VHUYLQJV RI IUXLW DQG YHJHWDEOHV
/RZHU ULVN RI &9' ZDV DOVR VHHQ ZLWK JUHDWHU LQWDNHV RI
LQVROXEOH FHUHDO IUXLW DQG YHJHWDEOH ILEUH ,Q DGGLWLRQ UHGXFHG
ULVN IRU &+' ZDV DVVRFLDWHG ZLWK JUHDWHU LQWDNH RI LQVROXEOH
ILEUH DQG ILEUH IURP FHUHDO RU YHJHWDEOH IRRGV 'HVSLWH ULVN
HVWLPDWHV IRU WKH GLIIHUHQW ILEUH H[SRVXUHV EHLQJ LQ WKH VDPH
GLUHFWLRQ DQG RYHUODSSLQJ WKH FRQILGHQFH LQWHUYDOV RI SRROHG
HVWLPDWHV IRU VROXEOH ILEUH ZLWK &+' RU &9' ULVN DQG IRU ILEUH
IURP IUXLW ZLWK &+' ULVN VSDQQHG WKH OLQH RI QR HIIHFW
2XU ILQGLQJV UHODWH RQO\ WR ILEUH IURP IRRG LQWDNH UDWKHU WKDQ
IURP ILEUH LVRODWHV RU H[WUDFWV DQG DQ\ SXEOLF KHDOWK PHVVDJHV
PXVW WKHUHIRUH UHIOHFW WKLV ,W LV QRW FOHDU IURP WKHVH REVHUYDWLRQV
ZKHWKHU ILEUH FRQVXPHG DV DQ H[WUDFW IURP FHUWDLQ IRRGV LV
EHQHILFLDO DQG ZKHWKHU UDQGRPLVHG FRQWUROOHG WULDOV ZLWK FOLQLFDO
HQGSRLQWV RU FRQWUROOHG IHHGLQJ VWXGLHV ZLWK LQWHUPHGLDWH
RXWFRPHV FDQ KHOS DQVZHU WKLV TXHVWLRQ
0HWDUHJUHVVLRQ KLJKOLJKWHG SRVVLEOH GLIIHUHQFHV EHWZHHQ VWXGLHV
XVLQJ $2$& PHWKRGV DQG WKRVH QRW XVLQJ $2$& PHWKRGV WR
DVVHVV ILEUH LQWDNH +RZHYHU WKH VPDOO QXPEHUV RI VWXGLHV XVLQJ
QRQ$2$& PHWKRGV WKH QRWDEOH JHRJUDSKLFDO GLIIHUHQFHV
EHWZHHQ WKHVH VWXGLHV DQG WKH OLNHO\ GLIIHUHQFHV EHWZHHQ WKH
PDLQ VRXUFHV RI ILEUH LQ GLIIHUHQW FRKRUW SRSXODWLRQV VRPHZKDW
OLPLWV WKH DELOLW\ WR GUDZ FRQFOXVLRQV
5HVXOWV LQ FRQWH[W RI RWKHU SXEOLVKHG UHYLHZV
2XU ILQGLQJV DUH FRQVLVWHQW ZLWK WKRVH RI SUHYLRXV UHYLHZV EXW
LPSURYH RQ DVSHFWV RI RWKHUV WKDW ZHUH QRW V\VWHPDWLF UHYLHZV
RI OLWHUDWXUH   GLG QRW H[SORUH ILEUH IURP NH\ GLHWDU\
VRXUFHV RU GLG QRW TXDQWLI\ WKH GRVHUHVSRQVH DVVRFLDWLRQ EXW
UHSRUWHG ULVNV IRU KLJKHVW FRPSDUHG ZLWK ORZHVW FRQVXPHUV
$ UHFHQW V\VWHPDWLF UHYLHZ LGHQWLILHG D ORZHU &9' ULVN RI
DURXQG  IRU KLJK ILEUH FRQVXPHUV DQG VHSDUDWHO\ IRU KLJK
ZKROH JUDLQ FRQVXPHUV FRPSDUHG ZLWK WKH ORZHVW FRQVXPHUV
RI HDFK%HFDXVH ILEUH DQG ZKROH JUDLQ FRQVXPSWLRQ DUH OLNHO\
WR FRUUHODWH KLJKO\ LW UHPDLQV D FKDOOHQJH WR LGHQWLI\ ZKHWKHU
ILEUH LQWDNH LV D VXUURJDWH PDUNHU IRU ZKROH JUDLQ LQWDNH DQG WKH
SRWHQWLDO EHQHILFLDO FRPSRXQGV ZLWKLQ JUDLQV RU ZKHWKHU LW LV
WKH ILEUH FRPSRQHQW RI ZKROH JUDLQV WKDW FRQIHUV WKH SURWHFWLYH
DVVRFLDWLRQV VHHQ ZLWK JUHDWHU LQWDNH $ IXUWKHU H[SODQDWLRQ IRU
WKH DVVRFLDWLRQ PD\ EH WKDW ORZHU ILEUH IRRGV WHQG WR EH ULFKHU
LQ DYDLODEOH FDUERK\GUDWH ZKLFK PD\ GHWULPHQWDOO\ LQIOXHQFH
LQVXOLQ DQG OLSLG SURILOHV :HOO FRQGXFWHG FOLQLFDO WULDOV FRXOG
HOXFLGDWH WKH PDQ\ SRWHQWLDO PHFKDQLVPV WKURXJK ZKLFK ERWK
ZKROHJUDLQV DQG ILEUH IURP GLIIHUHQW IRRGV FRXOG DFW RQ
LQWHUPHGLDWH HQGSRLQWV RU ULVN IDFWRUV IRU &9'
/LPLWDWLRQV
/LPLWDWLRQV RI REVHUYDWLRQDO FRKRUW VWXGLHV LQFOXGH WKH SUREOHP
RI UHVLGXDO FRQIRXQGLQJ ZKLFK DOVR H[WHQGV WR PHWDDQDO\VHV
RI REVHUYDWLRQDO VWXGLHV *UHDWHU LQWDNH RI GLHWDU\ ILEUH LV
DVVRFLDWHG ZLWK RWKHU KHDOWK\ EHKDYLRXUV VXFK DV JUHDWHU SK\VLFDO
DFWLYLW\ DQG ORZHU VPRNLQJ UDWHV  ERWK RI ZKLFK PD\
LQGHSHQGHQWO\ LQIOXHQFH &9' ULVN :H K\SRWKHVLVH WKDW WKHUH
LV D FDXVDO OLQN EHWZHHQ GLHWDU\ ILEUH DQG &9' ULVN DOWKRXJK
WKLV FDQQRW EH SURYHQ XVLQJ REVHUYDWLRQDO VWXGLHV (YLGHQFH
IURP UDQGRPLVHG FRQWUROOHG WULDOV FDQ KHOS WR GHWHUPLQH OLQNV
EHWZHHQ KLJK ILEUH GLHWV RU FRQVWLWXHQWV RI GLHWDU\ ILEUH DQG ULVN
IDFWRUV IRU &9'%팀bXW RZLQJ WR WKH OLNHO\ ORQJ SDWKRJHQHVLV RI
&9' WULDOV RI DGHTXDWH GXUDWLRQ DQG DGKHUHQFH DUH XQOLNHO\ WR
EH IHDVLEOH +RZHYHU PRVW RI WKH VWXGLHV LGHQWLILHG KHUH GLG
DGMXVW IRU LPSRUWDQW FRQIRXQGHUV VXFK DV DJH VH[ HGXFDWLRQ RU
FODVV DQG VPRNLQJ VWDWXV LQ WKHLU DQDO\VHV EXW QRW DOO VWXGLHV
DGMXVWHG IRU RWKHU SRWHQWLDOO\ LPSRUWDQW FRQIRXQGHUV VXFK DV
SK\VLFDO DFWLYLW\ RU RWKHU GLHWDU\ IDFWRUV )XUWKHUPRUH RWKHU
FKDUDFWHULVWLFV DVVRFLDWHG ZLWK KLJK ILEUH LQWDNHV FRXOG EH DW
SOD\ VXFK DV ORZHU ERG\ PDVV LQGH[ DQG ORZHU DOFRKRO LQWDNH
+RZHYHU H[SORUDWLRQ RI WKHVH IDFWRUV WKURXJKPHWDUHJUHVVLRQ
GLG QRW UHYHDO WKDW DGMXVWPHQW IRU VXFK FRQIRXQGHUV VXIILFLHQWO\
H[SODLQHG WKH VWUHQJWK RU GLUHFWLRQ RI DVVRFLDWLRQV REVHUYHG
)XUWKHUPRUH .DXVKLN :RON DQG 0R]DIIDULDQ DQG FROOHDJXHV
SRLQW RXW WKDW DOWKRXJK UHVLGXDO FRQIRXQGLQJPD\ EH D OLPLWDWLRQ
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IRU SURVSHFWLYH FRKRUWV LW LV XQOLNHO\ EHFDXVH GLIIHUHQW ULVN
REVHUYDWLRQV ZHUH VHHQ IRU FHUHDO IUXLW DQG YHJHWDEOH ILEUH
GHVSLWH LQWDNHV EHLQJ KLJKO\ FRUUHODWHG   ,Q OLJKW RI WKH
GLIIHULQJ DVVRFLDWLRQV REVHUYHG WKH\ DUJXH WKDW UHVLGXDO
FRQIRXQGLQJ LV OLNHO\ QRW DQ LVVXH RI FRQFHUQ VLQFH DOO WKH ILEUH
H[SRVXUHV DUH UHODWHG WR KHDOWKLHU OLIHVW\OHV  
$QRWKHU SRVVLEOH OLPLWDWLRQ LV WKDW WKH PDMRULW\ RI GLHWDU\ GDWD
ZHUH FROOHFWHG XVLQJ IRRG IUHTXHQF\ TXHVWLRQQDLUHV ZKLFK PD\
DGHTXDWHO\ FKDUDFWHULVH GLHWDU\ SDWWHUQV EXW FRXOG EH OLPLWHG LQ
WHUPV RI GHVFULELQJ LQGLYLGXDO QXWULHQW LQWDNHV 2QH VWXG\
H[SORUHG ULVN RI &+' ZLWK GLHW DVVHVVHG XVLQJ ERWK IRRG
IUHTXHQF\ TXHVWLRQQDLUHV DQG VHYHQ GD\ IRRG GLDULHV $
SURWHFWLYH DVVRFLDWLRQ ZDV VHHQ IRU ULVN RI &+' ZLWK ILEUH
DVVHVVHG IURP IRRG GLDULHV EXW ULVN ZDV DWWHQXDWHG ZLWK ILEUH
HVWLPDWHG E\ IRRG IUHTXHQF\ TXHVWLRQQDLUHV 7KH DXWKRUV
VXJJHVWHG WKDW IRRG IUHTXHQF\ TXHVWLRQQDLUHV PD\ QRW FDSWXUH
VXIILFLHQW KHWHURJHQHLW\ ZLWKLQ D VLQJOH SRSXODWLRQ EXW DUH
DSSURSULDWH LQ SRROHG DQDO\VHV ZKHUH D ZLGHU UDQJH RI LQWDNHV
DUH FROODWHG
0HDVXUHPHQW HUURU LQ GLHWDU\ DVVHVVPHQW LV D SHUVLVWHQW SUREOHP
ZKHQ DVVHVVLQJ DVVRFLDWLRQV EHWZHHQ GLHW DQG GLVHDVHV 7KH ELDV
FDQ EH ODUJH DQG LQ HLWKHU GLUHFWLRQ ,Q DGGLWLRQ ZKHUH HUURUV
H[LVW LQ WKH PHDVXUHPHQW RI FRQIRXQGHUV WKH ELDV ZRXOG ZRUN
LQ WKH GLUHFWLRQ RI FRQIRXQGLQJ ZKLFK PD\ HLWKHU H[DJJHUDWH
RU GLOXWH WKH HVWLPDWHG DVVRFLDWLRQ  +RZHYHU ILQGLQJV IURP
YDOLGDWLRQ VWXGLHV XVLQJ ELRPDUNHUV VXJJHVW WKDW PHDVXUHPHQW
HUURU LQ GLHWDU\ H[SRVXUHV ZLOO RIWHQ UHVXOW LQ DWWHQXDWHG
HVWLPDWHV ZKLFK PLJKW EH TXLWH VHYHUH )RU WKLV UHDVRQ LW LV
ZLVHU QRW WR SODFH HPSKDVLV RQ WKH H[DFW ULVN HVWLPDWH EXW
FRQVLGHU WKH JHQHUDO GLUHFWLRQ DQG UHODWLYH PDJQLWXGH RI
DVVRFLDWLRQV
6WXGLHV DVVHVVLQJ ILEUH LQWDNHV XVLQJ GLIIHUHQW PHWKRGV $2$&
RU QRW ZHUH FRPELQHG $OWKRXJK GLUHFW FRPSDULVRQV PD\ QRW
EH DSSURSULDWH EHWZHHQ FRKRUW VWXGLHV WKDW FDOFXODWH ILEUH LQWDNH
XVLQJ GLIIHUHQW DQDO\WLFDO PHWKRGV WKH GLUHFWLRQ RI HIIHFW
DQG%팀tR VRPH H[WHQW%팀tKH PDJQLWXGH RI WKH DVVRFLDWLRQ PD\ EH
VLPLODU DQG FRXOG WKHUHIRUH EH LQIRUPDWLYH ZKHQ VXPPDULVLQJ
GDWD IURP PXOWLSOH VWXGLHV )RU H[DPSOH LQ WKH +HDOWK
3URIHVVLRQDOV%? )ROORZXS 6WXG\ UHVHDUFKHUV REVHUYHG VLPLODU
SURWHFWLYH DVVRFLDWLRQV EHWZHHQ WRWDO P\RFDUGLDO LQIDUFWLRQ IDWDO
&+' SOXV P\RFDUGLDO LQIDUFWLRQ DQG WRWDO ILEUH LQWDNH DVVHVVHG
XVLQJ PXOWLSOH PHWKRGV 5LVN UDWLRV FDOFXODWHG ZLWK WKH
6RXWKJDWH PHWKRG ULVN UDWLR   FRQILGHQFH LQWHUYDO 
WR  SHU  JGD\ LQFUHDVH DQG (QJO\VW PHWKRG  
WR  ZHUH QRW VXEVWDQWLDOO\ GLIIHUHQW IURP WKDW XVLQJ WKH
$2$& PHWKRG   WR 
2XU VHDUFK IRU VWXGLHV DOVR GLG QRW H[WHQG EH\RQG WKRVH
SXEOLVKHG LQ (QJOLVK ODQJXDJH +RZHYHU RXU XQGHUVWDQGLQJ LV
WKDW RQO\ D VPDOO SURSRUWLRQ RI DYDLODEOH OLWHUDWXUH LQ WKLV DUHD
LV SXEOLVKHG LQ ODQJXDJHV RWKHU WKDQ (QJOLVK
6WUHQJWKV
$ PDMRU VWUHQJWK RI WKLV PHWDDQDO\VLV ZDV WKH LQFOXVLRQ RI
SURVSHFWLYH VWXGLHV IURP PXOWLSOH RQOLQH GDWDEDVH VHDUFKHV
FRYHULQJ SXEOLVKHG OLWHUDWXUH IURP RYHU WZR GHFDGHV 7KH TXDOLW\
RI WKH PHWDDQDO\VHV ZDV VWUHQJWKHQHG E\ JHQHUDWLQJ
GRVHUHVSRQVH FXUYHV UDWKHU WKDQ FRPSDULVRQV RI KLJK DQG ORZ
ILEUH FRQVXPHUV 7KH SK\VLRORJLFDO FRQVHTXHQFHV RI D KLJK ILEUH
GLHW PD\ GHSHQG RQ WKH W\SH RI ILEUH DQG WKH IRRG VRXUFH
7KHUHIRUH FRPELQLQJ VWXGLHV WKDW KDYH H[DPLQHG GLHWDU\ VRXUFHV
RI ILEUH ZDV DQ DGGLWLRQDO VWUHQJWK
'HVSLWH VRPH KHWHURJHQHLW\ WKH ILQGLQJV ZHUH QRWDEO\
FRQVLVWHQW ZLWK DOO EHLQJ LQ WKH VDPH GLUHFWLRQ DQG PDQ\
LQGLYLGXDO VWXG\ UHVXOWV EHLQJ VLJQLILFDQW 7KLV LV UHPDUNDEOH
JLYHQ WKH LQFOXVLRQ RI VWXGLHV IURP GLIIHUHQW SRSXODWLRQV ZLWK
GLIIHUHQW GLHWDU\ KDELWV ZKLFK ZHUH DVVHVVHG XVLQJ GLIIHUHQW
WRROV
6XPPDU\
'LHWV KLJK LQ ILEUH%팀sSHFLILFDOO\ IURP FHUHDO RU YHJHWDEOH VRXUFHV
DQG ULFK LQ LQVROXEOH W\SH ILEUH%팀aUH VLJQLILFDQWO\ DVVRFLDWHG
ZLWK ORZHU ULVN RI &+' DQG &9' DQG UHIOHFW UHFRPPHQGDWLRQV
WR LQFUHDVH LQWDNH *UHDWHU LQWDNH RI IUXLW ILEUH ZDV DOVR
DVVRFLDWHG ZLWK ORZHU &9' ULVN 7KHVH GDWD SURYLGH HYLGHQFH
UHODWLQJ WR ZKROH IRRG FRQVXPSWLRQ DQG WKHUHIRUH GR QRW VXSSRUW
FRQVXPSWLRQ RI IRRGV VSHFLILFDOO\ HQULFKHG LQ FHUHDO RU YHJHWDEOH
GHULYHG ILEUH (YLGHQFH UHODWLQJ WR VROXEOH RU LQVROXEOH W\SHV RI
ILEUH ZDV PRUH OLPLWHG DQG IXUWKHU LQYHVWLJDWLRQ LQ WKLV DUHD
ZRXOG EH RI XVH $ OLPLWHG HYLGHQFH EDVH DOVR H[LVWV IURP
FRXQWULHV RXWVLGH WKH 86 (XURSH -DSDQ RU $XVWUDOLD
:H WKDQN ,ULV *RUGRQ IRU VHDUFK VWUDWHJ\ GHYHORSPHQW DQG -DPHV
7KRPDV IRU KLV ZRUN GHYHORSLQJ WKH GDWDEDVH LQWR ZKLFK DOO DUWLFOHV
ZHUH H[WUDFWHG
&RQWULEXWRUV 9-% ZDV WKH SURMHFW OHDG IRU WKH PDLQ V\VWHPDWLF UHYLHZ
FRQFHUQLQJ GLHWDU\ FDUERK\GUDWHV DQG FDUGLRPHWDEROLF KHDOWK RXWFRPHV
9-% '(7 DQG &/& VHDUFKHG GDWDEDVHV &3* KHOSHG GHYHORS VHDUFK
VWUDWHJLHV $UWLFOH VFUHHQLQJ ZDV XQGHUWDNHQ E\ 9-% '(7 &/& &(/(
DQG &1 'DWD H[WUDFWLRQ ZDV FDUULHG RXW E\ 9-% '(7 '&* &/&
&(/( DQG &1 4XDOLW\ RI GDWD H[WUDFWLRQ DQG FKHFNLQJ ZDV FDUULHG RXW
E\ '(7 &1 &/& DQG &: 6WDWLVWLFDO DQDO\VLV ZDV XQGHUWDNHQ E\
'&* '(7 ZURWH WKH PDQXVFULSW $OO DXWKRUV UHYLHZHG WKH PDQXVFULSW
DQG FRQWULEXWHG WR PDQXVFULSW UHYLVLRQV 9-% LV WKH JXDUDQWRU IRU WKLV
VWXG\
)XQGLQJ VRXUFHV 7KH PDLQ V\VWHPDWLF UHYLHZ ZDV IXQGHG E\ WKH
'HSDUWPHQW RI +HDOWK IRU (QJODQG 7KH XSGDWH UHYLHZ ZDV FRQGXFWHG
SULPDULO\ E\ '(7 ZKRVH 3K' VWXGHQWVKLS LV VSRQVRUHG E\ .HOORJJ
0DUNHWLQJ DQG 6DOHV &RPSDQ\ 8. )XQGLQJ ERGLHV SOD\HG QR SDUW LQ
DUWLFOH VHOHFWLRQ DQDO\VLV LQWHUSUHWDWLRQ RU GHFLVLRQ WR SXEOLVK .HOORJJ
0DUNHWLQJ DQG 6DOHV &RPSDQ\ 8. VSRQVRUHG WKH PDLQ DXWKRU
VWXGHQWVKLS 2QH DXWKRU LV LQ UHFHLSW RI DQ XQUHODWHG SURMHFW JUDQW IURP
'DQRQH )XQGHUV SOD\HG QR SDUW LQ DUWLFOH VHOHFWLRQ DQDO\VLV
LQWHUSUHWDWLRQ RU GHFLVLRQ WR SXEOLVK
&RPSHWLQJ LQWHUHVWV $OO DXWKRUV KDYH FRPSOHWHG WKH ,&0-( XQLIRUP
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UHYLHZ RI WKH HYLGHQFH VXSSRUWLQJ D FDXVDO OLQN EHWZHHQ GLHWDU\ IDFWRUV DQG FRURQDU\
KHDUW GLVHDVH $UFK ,QWHUQ 0HG 
 <H (4 &KDFNR 6$ &KRX (/ .XJL]DNL 0 /LX 6 *UHDWHU ZKROHJUDLQ LQWDNH LV DVVRFLDWHG
ZLWK ORZHU ULVN RI W\SH  GLDEHWHV FDUGLRYDVFXODU GLVHDVH DQG ZHLJKW JDLQ - 1XWU

 /LX 6 :LOOHWW :& 6WDPSIHU 0- +X )% )UDQ] 0 6DPSVRQ / HW DO $ SURVSHFWLYH VWXG\
RI GLHWDU\ JO\FHPLF ORDG FDUERK\GUDWH LQWDNH DQG ULVN RI FRURQDU\ KHDUW GLVHDVH LQ 86
ZRPHQ $P - &OLQ 1XWU 
 .LSQLV 9 )UHHGPDQ /6 ,PSDFW RI H[SRVXUH PHDVXUHPHQW HUURU LQ QXWULWLRQDO HSLGHPLRORJ\
- 1DWO &DQFHU ,QVW 
 )UHHGPDQ /6 6FKDW]NLQ $ 0LGWKXQH ' .LSQLV 9 'HDOLQJ ZLWK GLHWDU\ PHDVXUHPHQW
HUURU LQ QXWULWLRQDO FRKRUW VWXGLHV - 1DWO &DQFHU ,QVW 
 .LSQLV 9 6XEDU $) 0LGWKXQH ' )UHHGPDQ /6 %DOODUG%DUEDVK 5 7URLDQR 53 HW DO
6WUXFWXUH RI GLHWDU\ PHDVXUHPHQW HUURU UHVXOWV RI WKH 23(1 ELRPDUNHU VWXG\ $P -
(SLGHPLRO  GLVFXVVLRQ 
$FFHSWHG  1RYHPEHU 
&LWH WKLV DV %0- I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7KLV LV DQ 2SHQ $FFHVV DUWLFOH GLVWULEXWHG LQ DFFRUGDQFH ZLWK WKH &UHDWLYH &RPPRQV
$WWULEXWLRQ 1RQ &RPPHUFLDO 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 OLFHQVH ZKLFK SHUPLWV RWKHUV WR GLVWULEXWH
UHPL[ DGDSW EXLOG XSRQ WKLV ZRUN QRQFRPPHUFLDOO\ DQG OLFHQVH WKHLU GHULYDWLYH ZRUNV
RQ GLIIHUHQW WHUPV SURYLGHG WKH RULJLQDO ZRUN LV SURSHUO\ FLWHG DQG WKH XVH LV
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 KWWS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7DEOH
7DEOH _ &KDUDFWHULVWLFV RI LQFOXGHG FRKRUW VWXGLHV UHSRUWLQJ &9' RU &+' ULVN DQG ILEUH LQWDNH
$GMXVWPHQW IRU FRQIRXQGLQJ YDULDEOHV
'LHWDU\ DVVHVVPHQW 1R RI
))4 LWHPV ILEUH HVWLPDWLRQ
PHWKRG
&+'&9' HQGSRLQWV
LQLWLDO FRKRUW VL]H 1R RI
FDVHV
&RXQWU\ UHFUXLWPHQW VH[
EDVHOLQH DJH \HDUV IROORZXS
\HDUV
$XWKRU DQG \HDU FRKRUW
QDPH
$JH DOF ȻFDURWHQH %0, EORRG SUHVVXUH
HGXFDWLRQ 6)$ HQHUJ\ LQWDNH SK\VLFDO
DFWLYLW\ VPRNLQJ JURXS DOORFDWLRQ YLW & YLW
(
9DOLGDWHG ))4  GLHW RYHU
SUHYLRXV \HDU TXDOLW\ FKHFN
E\ QXUVH (QJO\VW
&+' LQFLGHQFH Q  

)LQODQG VPRNHUV IURP
UDQGRPLVHG FRQWUROOHG WULDO
PDOH  
3LHWLQHQ 
$OSKD7RFRSKHURO
%HWD&DURWHQH 6WXG\
$JH DOFRKRO %0, 6)$ IDPLOLDO 0, VPRNLQJ
YLW ( K\SHUFKROHVWHURODHPLD RFFXSDWLRQ
SK\VLFDO DFWLYLW\ +71
9DOLGDWHG ))4 GLHW  GLHW
RYHU SUHYLRXV \HDU $2$&
&+' LQFLGHQFH Q  

86 RFFXSDWLRQDO FRKRUW PDOH
 
5LPP  +HDOWK
3URIHVVLRQDOVۍ )ROORZXS
6WXG\
$JH VRFLDO FODVV VH[ VPRNLQJ6LPSOH YDOLGDWHG ))4 QRW
UHSRUWHG OLNHO\ WR EH
6RXWKJDWH
,'+ PRUWDOLW\ Q  

8. YROXQWHHU FRKRUW KDOI
YHJHWDULDQ ERWK VH[HV 

$SSOHE\  2[IRUG
9HJHWDULDQ 6WXG\
$JH VHUXP FKRO 6%3 FDUERQ PRQR[LGH LQ
H[SLUHG DLU (, '0 %0, SHUVRQDOLW\
WULJO\FHULGHV +'/& ILEULQRJHQ 3$ DOF
9DOLGDWHG VHPLTXDQWLWDWLYH
))4  (QJO\VW DQG
6RXWKJDWH
&+' LQFLGHQFH Q  

6FRWODQG UHFUXLWHG YLD JHQHUDO
SUDFWLFHV ERWK VH[HV  
7RGG  6FRWWLVK
+HDUW +HDOWK 6WXG\
$JH VWXG\ SHULRG %0, VPRNLQJ
PHQRSDXVDO VWDWXV DVSLULQ PXOWLYLWDPLQ YLW
( 3$ +71 SDUHQWDO HDUO\ 0, DOF (, 6)$
QRW ILEUH VRXUFH PRGHOV &+2 $GGLWLRQDO
LQ VRXUFHV RI ILEUH PRGHOV RWKHU ILEUH
VRXUFHV IRODWH YLW % & DQG ( ȻFDURWHQH
0J
9DOLGDWHG ))4  GLHW
DVVHVVHG DW OHDVW  WLPHV
$2$&
&+' LQFLGHQFH Q 
 
86 RFFXSDWLRQDO FRKRUW IHPDOH
 
:RON  1XUVHVۍ
+HDOWK 6WXG\
$JH WUHDWPHQW JURXS VPRNLQJ 3$ DOF
+57 %0, PXOWLYLWDPLQV +71 KLVWRU\ RI
KLJK FKRO '0 SDUHQWDO 0, EHIRUH DJH 
\HDUV IRODWH IDW LQWDNH SURWHLQ LQWDNH (,
9DOLGDWHG VHPLTXDQWLWDWLYH
))4  $2$&
&9'0, LQFLGHQFH Q 
 
86 KHDOWK SURIHVVLRQDOV IURP
DQ 5&7 IHPDOH PHDQ  
/LX  :RPHQۍV
+HDOWK 6WXG\
$JH DOF %0, VPRNLQJ HGX HWK '0 3$
6(6 VH[ 6%3 VHUXP FKRO
 K UHFDOO LQFOXGLQJ SRUWLRQ
VL]H HVWLPDWHV XQFOHDU OLNHO\
WR EH $2$&
&+' LQFLGHQFH Q  

86 VDPSOHG WR UHSUHVHQW
JHQHUDO SRSXODWLRQ ERWK VH[HV
 
%D]]DQR  1+$1(6
,
$JH DOF HGX '0 3$ VH[ VPRNH VRXUFHV
RI ILEUH DGGLWLRQDOO\ DGMXVWHG IRU RWKHU W\SHV
RI ILEUH
9DOLGDWHG ))4  GLHW RYHU
SUHYLRXV \HDU $2$&
&+' LQFLGHQFH Q 

86 UDQGRP VDPSOH IURP
0HGLFDUH UHJLVWHU ERWK VH[HV
! 
0R]DIIDULDQ 
&DUGLRYDVFXODU +HDOWK
6WXG\
(, 6)$ WUDQV XQ6)$ FLV SRO\ XQ6)$ DOF
ZLQH XVH ILVK LQWDNH SUHVFULEHG GLHW
VPRNLQJ %0, 6(6
'LHW KLVWRU\ VHYHUDO WLPHV
LQWDNH RYHU SUHYLRXV 
PRQWKV $2$&
&+' PRUWDOLW\ Q 

1HWKHUODQGV UDQGRP VDPSOH
IURP LQGXVWULDO WRZQ PDOH PHDQ
 
6WUHSSHO  =XWSKHQ
(OGHUO\ 6WXG\
$JH VH[ 6%3 '%3 +71 WUHDWPHQW %0,
VPRNLQJ HGX VHOI UDWHG KHDOWK KLVWRU\ RI
0,VWURNH '0
9DOLGDWHG ))4  $2$&&+' PRUWDOLW\ Q 
QRW UHSRUWHG
$XVWUDOLD VDPSOHG WR UHSUHVHQW
WKH UHJLRQ ERWK VH[HV PHGLDQ
 
.DXVKLN  %OXH
0RXQWDLQV (\H 6WXG\
:RPHQ DJH (, *, UHVLGXDOV DOF VPRNLQJ
'0 PHQ DJH (, *, UHVLGXDOV WRWDO IDW
LQWDNH XQGHUZHLJKW VPRNH XVH RI
FRUWLFRVWHURLGV
9DOLGDWHG ))4  $2$&&9' PRUWDOLW\ Q 

$XVWUDOLD VDPSOHG WR UHSUHVHQW
WKH UHJLRQ ERWK VH[HV PHGLDQ
 
%X\NHQ  %OXH
0RXQWDLQV (\H 6WXG\
$JH %0, +71 '0 DOF VPRNLQJ HGX 3$
VWUHVV VOHHS ILVK 6)$ Q IDWW\ DFLG VRGLXP
LQWDNH IRODWH YLWDPLQV
9DOLGDWHG ))4  PHWKRG
VLPLODU WR $2$&
&9'&+' PRUWDOLW\
Q   
-DSDQ VDPSOHG WR UHSUHVHQW
JHQHUDO SRSXODWLRQ ERWK VH[HV
 
(VKDN  -DSDQ
&ROODERUDWLYH &RKRUW
6WXG\
+HDOWK\ HDWLQJ VFRUH VH[ DJH HWK RFF
PDULWDO VWDWXV VPRNLQJ (, 3$ %0,
SUHYDOHQW &9' '0 +71 G\VOLSLGDHPLD
PHWDEROLF V\QGURPH LQIODPPDWRU\ PDUNHUV
6HPLTXDQWLWDWLYH ))4 
(QJO\VW
&9' PRUWDOLW\ Q 

8. RFFXSDWLRQDO FRKRUW ERWK
VH[HV PHDQ  
$NEDUDO\  :KLWHKDOO
,,
$JH %0, DW DJH  \HDUV ZHLJKW FKDQJH
VLQFH DJH  \HDUV KHLJKW VPRNLQJ 3$
DOF QXW LQWDNH 38)$ */ FKRO LQWDNH 6%3
+71 WUHDWPHQW '0 SDUHQWDO HDUO\ 0, WLPH
VLQFH PHQRSDXVH
9DOLGDWHG ))4 
DGPLQLVWHUHG  WLPHV $2$&
&9' PRUWDOLW\ Q 
 
86 RFFXSDWLRQDO FRKRUW IHPDOH
 
%DHU  1XUVHVۍ
+HDOWK 6WXG\
$JH VWXG\ SHULRG 6)$ 08)$ 38)$ *,
IRODWH SURWHLQ (, DOF WUDQV XQ6)$ %0,
VPRNH PHQRSDXVH VWDWXV SDUHQWDO HDUO\
0, PXOWLYLWDPLQV YLW ( DVSLULQ 3$
9DOLGDWHG ))4 
DGPLQLVWHUHG PXOWLSOH WLPHV
$2$&
&+' LQFLGHQFH Q  

86 RFFXSDWLRQDO FRKRUW IHPDOH
 
%HUQVWHLQ  1XUVHVۍ
+HDOWK 6WXG\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FRQWLQXHG
$GMXVWPHQW IRU FRQIRXQGLQJ YDULDEOHV
'LHWDU\ DVVHVVPHQW 1R RI
))4 LWHPV ILEUH HVWLPDWLRQ
PHWKRG
&+'&9' HQGSRLQWV
LQLWLDO FRKRUW VL]H 1R RI
FDVHV
&RXQWU\ UHFUXLWPHQW VH[
EDVHOLQH DJH \HDUV IROORZXS
\HDUV
$XWKRU DQG \HDU FRKRUW
QDPH
$JH VH[ VPRNLQJ DOF %0, '0 +71KLJK
FKRO WUHDWPHQW 3$ IUXLW YHJHWDEOHV ILVK
VRGLXP LVRIODYRQH (, KHDOWK FHQWUH
9DOLGDWHG ))4  PHWKRG
VLPLODU WR $2$&
&+' PRUWDOLW\ Q 
 
-DSDQ VDPSOHG WR UHSUHVHQW
SRSXODWLRQ ERWK VH[HV 

.RNXER  -DSDQ
3XEOLF +HDOWK &HQWUH
EDVHG FRKRUW
$JH HWK HGX PDULWDO VWDWXV KHDOWK VWDWXV
%0, 3$ VPRNLQJ DOF UHG PHDW IUXLW
YHJHWDEOHV (, PHQRSDXVDO KRUPRQH
WKHUDS\ XVH LQ ZRPHQ
))4  LQWDNH RYHU
SUHYLRXV \HDU $2$&
&9' PRUWDOLW\ Q 
 
86 VDPSOHG WR UHSUHVHQW
JHQHUDO SRSXODWLRQ ERWK VH[HV
 
3DUN  1,+$$53
'LHW DQG +HDOWK 6WXG\
$JH VH[ FHQWUH HGX DOF VPRNLQJ %0,
3$ (,
))4 VHPLTXDQWLWDWLYH ))4
GLHW KLVWRU\ $2$& DQG
VWDQGDUGLVHG YDOXHV
&LUFXODWRU\ GLVHDVH
PRUWDOLW\ Q  

(XURSH VDPSOHG WR UHSUHVHQW
SRSXODWLRQ ERWK VH[HV PHDQ
 
&KXDQJ  (3,&
$JH DOF %0, 3$ PDULWDO VWDWXV HGX RFF
+71 K\SHUOLSLGDHPLD DQJLQD '0
38)$6)$ UDWLR (,
))4 VHPLTXDQWLWDWLYH ))4
GLHW KLVWRU\ $2$& DQG
VWDQGDUGLVHG YDOXHV
,+' PRUWDOLW\ Q  

(XURSH UHSUHVHQWV JHQHUDO
SRSXODWLRQ ERWK VH[HV PHDQ
 
&URZH 
(3,&+HDUW
$JH GLHW DVVHVVPHQW PHWKRG YHUVLRQ (,
VHDVRQ %0, VPRNLQJ HGX DOF 6%3 +71
WUHDWPHQW DQWLK\SHUOLSLGDHPLF WUHDWPHQW
OHLVXUH 3$ OHYHO RI HQHUJ\ DGMXVWHG GLHWDU\
ILEUH
,QWHUYLHZ EDVHG GLHW KLVWRU\
PHWKRG QRQVWDUFK
SRO\VDFFKDULGH
,VFKDHPLF &9'&+'
LQFLGHQFH Q  

6ZHGHQ VDPSOHG WR UHSUHVHQW
SRSXODWLRQ ERWK VH[HV  
:DOOVWURP  0DOPR
'LHW DQG &DQFHU &RKRUW
$JH %0, 3$ VPRNLQJ IDPLO\ KLVWRU\ 0,
VRFLDO FODVV '0 +71 WUHDWPHQW OLSLG
ORZHULQJ WUHDWPHQW DVSLULQ (, IURP WRWDO IDW
(, IURP QRQIDW DOF 6)$ VHUXP FKRO WRWDO
ILEUH PRGHO RQO\ SODVPD DVFRUELF DFLG OHYHO
XVH LQ VRXUFHV RI ILEUH PRGHOV
))4 DQG  GD\ GLDULHV
(QJO\VW
&+' LQFLGHQFH Q  

8. VDPSOHG WR UHSUHVHQW
UHJLRQ ERWK VH[HV  
:DUG 
(3,&1RUIRON
$JH %0, 6(6 VPRNLQJ DOF 3$ (,9DOLGDWHG ))4  (QJO\VW
DQG $2$&
&9'&+'PRUWDOLW\ Q 
 
8. YROXQWHHU FRKRUW RQH WKLUG
YHJHWDULDQ IHPDOH PHDQ 

7KUHDSOHWRQ  8.
:RPHQۍV &RKRUW 6WXG\
$OF DOFRKRO %0, ERG\ PDVV LQGH[ &+2 FDUERK\GUDWH FKRO FKROHVWHURO '%3 GLDVWROLF EORRG SUHVVXUH '0 GLDEHWHV PHOOLWXV W\SH  HGX HGXFDWLRQ (, HQHUJ\
LQWDNH (3,& (XURSHDQ 3URVSHFWLYH ,QYHVWLJDWLRQ LQWR &DQFHU DQG 1XWULWLRQ HWK HWKQLFLW\ ))4 IRRG IUHTXHQF\ TXHVWLRQQDLUH *, JO\FDHPLF LQGH[ */ *O\FDHPLF
/RDG +'/& KLJK GHQVLW\ OLSRSURWHLQ FKROHVWHURO +57 KRUPRQH UHSODFHPHQW WKHUDS\ +71 K\SHUWHQVLRQ ,+' LVFKDHPLF KHDUW GLVHDVH 0J PDJQHVLXP
0, P\RFDUGLDO LQIDUFWLRQ 08)$ PRQRXQVDWXUDWHG IDWW\ DFLG 1,+$$53 1DWLRQDO ,QVWLWXWHV RI +HDOWK$PHULFDQ $VVRFLDWLRQ IRU 5HWLUHG 3HUVRQV 'LHW DQG +HDOWK
6WXG\ RFF RFFXSDWLRQ 3$ SK\VLFDO DFWLYLW\ 38)$ SRO\XQVDWXUDWHG IDWW\ DFLG 5&7 UDQGRPLVHG FRQWUROOHG WULDO 6%3 V\VWROLF EORRG SUHVVXUH 6(6 6RFLRHFRQRPLF
6WDWXV 6)$ VDWXUDWHG IDWW\ DFLG YLW YLWDPLQ
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